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APPARATUS AND METHOD OF MEASURING WAST EWAT ER CONCENTRATION FOR 

DETERMINING DISCHARGE RATE 

DESCRIPTION 

Ooss Reference to Rel at ed Applications 

(Pcra 1) This application daims the priority benefit of Tci wanes e oppli cation 
serid No. 92124842, filed on September 9, 2003. 

Background of Invention 
(Pcra 2) Field of the Invention 

(Pcra 3) The present invention relates to on apparatus end a method of 
measuring wastewater concentration, and more porticulorly to on appcratus 
and a method of measuring wastewater concentration for determining 
dischcrge rote of the wastewater. 

(Pcra 4) Desaiption of the Related Art 

(Pcra 5) Fabrication processes of Very Large Scale Integration (VLSI) usually 
generate a Icrge amount of wastewater, since a large amount of water are used 
in the processes for washing and purification purposes. Such wastewater is 
usually toxic, end, if mixed with other waste mater ids generated in the 
processes, con form flammable organic waste liquids, which are difficult to be 
treated due to toxidty and/ or flommability. 

(Pcra 6) In generd, wastewater generated from different fabrication 
processes in a manufacturer is collected into a collecting tank. Contents and 
concentration of the wastewater in the collecting tank ae then measured. 
Thereafter, the results of the measurement are used for adjusting dischcrge 
rote of the wastewater so as to control the discharge rote within a safe range 
of operotiond load of the wastewater treatment fad I i ties. 
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(Pcra7) In a process of measuring the wastewater concentration in a 
collecting tank, however, the concentration is often higher than the upper 
threshold of the concentration measurable by the detector, where the red 
concentration of the wastewater cannot be measured. As a consequence, 
problems occur. For instance, due to the failure of measuring the red 
concentration of the wastewater, cn operator may not aware of the risk of 
potential harm if exposed in a danger or hormful working environment caused 
by the wastewater. On the other hand, the failure of accurately measuring 
concentration of the wastewater may cause such problems as the dischcrge 
rate to treatment fadlities is in excess of that allowed by the safe load of the 
treatment fadlities. 

(Pcra8) Although more advanced concentration detectors with a higher 
measurable threshold may be used to solve these problems, costs of the 
appcratus will be substantially increased. Thus, the use of such detectors is 
often not desirable 

Summery of Invention 

(Pcra9) In view of the above, it is on object of the present invention to 
provide cn appcratus and a method to measure wastewater concentration for 
determining dischcrge rote of wastewater, while apparatus is suitable for 
measuring red concentration of wastewater, and results of the measurement 
can be used to adjust the discharge rate within a safe range so as to prevent 
operators from being exposed in a hazardous working environment. 

(Pcra 1 0) It is another object of the present invention to provide cn appcratus 
and a method to measure wastewater concentration for determining dischcrge 
rate of wastewater, such that the higher costs on apparatus for measuring 
wastewater with high concentration con be avoided. 

(Pcra 11) It is a further object of the present invention to provide an 
appcratus and a method to measure wastewater concentration for determining 
dischcrge rote of wastewater, while the method is suitable for measure red 
concentration of wastewater with a high concentration. 
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(Pcra 12) To achieve the above end other objectives, the present invention 
provides on appcratus of measuring wastewater concentration. Results of the 
measurement con be used to determine discharge rote of the wastewater from 
a wastewater- collecting tank. The appcratus indudes a mixing tank, a 
measuring tank, a water supply unit, a wastewater supply unit, a concentration 
detector, a controller, and a monitor. Wherein, the mixing tank has a first 
pipeline which connects the measuring tank end the mixing tank, the water 
supply unit has a second pipeline which connects the water supply unit end the 
mixing tank, and the wastewater supply unit has a third pipeline which 
connects the wastewater supply unit and the mixing tank. Further, the 
concentration detector is located in the measuring tank. The controller is 
electronicdly connected with water supply unit, the wastewater supply unit, 
and the concentration detector, respectively, while the monitor is electronically 
connected with the controller to display the operating status of the water 
supply unit, the wastewater supply unit, and the concentration detector. In 
addition, the apparatus further indudes a pH detector located in the 
measuring tank, end a pH adjusting reagent supply unit for adding pH- 
adjusting reagent into the measuring tank, so that pH vdue of the wastewater 
is adjusted end the wastewater is subsequently discharged from the measuring 
tank. 

(Pcra 13) Since each operating unit of the above apparatus is electronically 
connected with the controller, an operator is able to monitor the operating 
status of the apparatus through the monitor, and to input relevant pcrameters 
from the controller to control the operation of the appcratus. Hence, this 
appcratus con be automatically controlled. 

(Pcra 14) The present invention also provides a method to measure 
wastewater concentration for determining the dischcrge rote of the 
wastewater. The method is used to measure the wastewater concentration in a 
wastewater- collecting tank, and then to determine the discharge rate from the 
wastewater- collecting tank so as to control the dischcrge rote within a safe 
range. The method first indudes a step of mixing oertdn amount of 
wastewater from the wastewater- collecting tank with water to obtdn a 
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mixture. Thereafter, the concentration of the mixture is detected by a 
concentration detector for calculating the real concentration of the wastewater 
in the collecting tank, and the red concentration is used to determine the 
dischcrge rote of the wastewater from the collecting tank for adjusting the 
dischcrge rote within a safe range. 

(Pcra 15) Pcrticulcrly, when the detected value by the foregoing concentration 
detector equds to the dlowable upper threshold of the detector, a certain 
amount of wastewater is retaken from the collecting tank and is mixed with 
water in a higher dilution to obtain a second mixture. Next, concentration of 
the second mixture is detected by the concentration detector for odculoting 
the real concentration of the wastewater in the collecting tank, end the red 
concentration is used to determine the dischcrge rote of the wastewater from 
the collecting tank. 

(Pcra 16) Therefore, by use of the foregoing method, a sample of wastewater 
taken from a collecting tank is first diluted, concentration of the diluted 
sample is measured, end, based on the measured concentration, the red 
concentration of the wastewater in the collecting tank is then odculated. The 
dilution procedure con be carried out in multiple times so as to make the 
concentration detected by the detector lower then the upper threshold of the 
detector, such that the red concentration of the wastewater in the collecting 
tank con be subsequently odculated. Thus, the method of the present 
invention can be used to measure reliably wastewater concentration end to 
determine accurotdy an appropriate discharge rote from the collecting tank to 
treatment fadlities. 

(Pcra 17) Moreover, the present invention provides that real concentration of 
wastewater with a substantially high concentration con be accurately measured 
through the multiple dilutions approach, so that more expensive concentration 
detectors with higher threshold are not required, and costs of the 
measurement apparatus can be reduced. 

(Pcra 18) It is to be understood that both the foregoing general description 
and the following detdled description are exemplcry, end are intended to 
provide further explanation of the invention as darned. 

Page 4 of 1 5 



File 1 1699usf 



Brief Description of Drawings 

(Pcral9) FIG. 1 is a olograph schematicdiy showing on apparatus for 
measuring concentration of chemicals in wastewater according to one 
embodiment of the present invention. 

Detailed Description 

(Pcra20) As mentioned above, wastewater generated from different 
fabrication processes in a manufacturer is generdly collected in a collecting 
tank. Contents and concentration of the wastewater in the collecting tank are 
then measured. The result of the measurement is consequently used for 
adjusting discharge rote of the wastewater so as to control the dischcrge 
within a safe rcnge of operating load of wastewater treatment fad I i ties, 
Apparently, the dischcrge rate from the wastewater- collecting tcnk directly 
affects the effidency of the subsequent wastewater treatment fadlities, and 
the dischcrge rate is related to the concentration of the wastewater. To show 
how to measure wastewater concentration in a collecting tank, a measuring 
appcratus is described according to one embodiment of the present invention 
as follows. 

(Pcra21) FIG. 1 illustrates schematicdiy an apparatus of measuring 
wastewater concentration according to one embodiment of the present 
invention. The apparatus indudes a mixing tank 1 00, a measuring tank 102, a 
water supply unit 104, a wastewater supply unit 106, a concentration detector 
108, a controller 1 10 with a monitor 1 12, stirrers 1 18 end 120, control vdves 
122, 124 end 126, and pipdines 132, 134 and 136. 

(Pcra22) The measuring tank 102 is communicated with the mixing tcnk 100 
via the pipeline 1 32, and the control vdve 1 22 can be installed on the mixing 
pipeline 1 32 to control flow rote from the mixing tank 1 00 to the measuring 
tank 102. The water supply unit 104 is communicated with the mixing tank 
100 via the pipdine 134, end the control valve 124 ocn be instdled on the 
pipeline 1 34 to control flow rote from the water supply unit 1 04 to the mixing 
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tank 100. Further, the wastewater supply unit 106 in communicated with the 
mixing tank 100 via the pipeline 136, and the control valve 126 con be 
instdled on the pipeline 136 to control flow rote from the wastewater supply 
unit 1 06 to the mixing tank 1 00. In addition, the wastewater supply unit 1 06 
is communicated with the wastewater- collecting tank 105, which contains 
wastewater collected from different fabrication sections of the plant. 

(Pcra23) The concentration detector 108 is located in the measuring tank 
102 to measure wastewater concentration in the measuring tank 102. If the 
wastewater oontcins hydrofluoric add, the concentration to be measured is of, 
for example, hydrofluoric ion. 

(Pcra24) On the other hand, the controller 110 is electronically connected 
with the water supply unit 104, the wastewater supply unit 106, the 
concentration detector 108, end each of the control valves 122, 124 end 126, 
respectively. The monitor 1 12 is electroniodly connected with the controller 
110 to display the operating status of the water supply unit 104, the 
wastewater supply unit 106, the concentration detector 108, end the control 
vdves 122, 124 and 126. 

(Pcra25) Moreover, overflow pipelines 101 and 103 can be installed 
respectively on the mixing tank 100 end the measuring tank 102. The 
overflow pipelines can be used, when too much wastewater is filled in the 
mixing tank 100 and/ or the measuring tank 102, to carry oway the surplus 
wastewater. 

(Pcra26) The apparatus can further indude stirrers, 1 18 and 120, instdled in 
the mixing tank 100 and the measuring tank 102, respectively, to mix 
thoroughly liquids injected into the tanks. The stirrers 118 and 120 are 
electroniodly connected with the controller 1 10. 

(Pcra27) Further, the apparatus can indude a pH detector located in the 
measuring tank 102 to measure the pH vdue of the wastewater in the 
collecting tank 102. The pH detector is electroniodly connected with the 
controller 1 10. Moreover, the apparatus can indude a pH- adjusting reagent 
supply unit 1 1 6, connected with the measuring tank 1 02 via a pipeline 1 38, for 
neutrdizing the wastewater in the measuring tank 102. A control vdve 128 
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can be further installed on the pipeline 1 38 for controlling flow rote from the 
pH- adjusting reagent supply unit 1 16 to the measuring unit 102, while the 
control vdvel28 is electronical I y connected with the controller 110. 

(Pcra28) Of cause, the apparatus can dso indude a pipeline 140 end a 
control valve 130 for discharging wastewater in the measuring tank 102 after 
measured, while the control vdve 103 is electroniodly connected with the 
controller 1 10. 

(Pcra29) Since each operating unit of the above apparatus is electronically 
connected with the controller, an operator is able to monitor the operating 
status of the apparatus through the monitor, and to input rdevant pcrameters 
from the controller to control the operation of the appcratus. Hence, this 
appcrotus con be automatically controlled. 

(Pcra30) The following is a des a ipti on on a method of measuring wastewater 
concentration by using the foregoing apparatus for determining discharge rate 
of wastewater from a collecting tank to treatment fadlities end controlling the 
discharge rate within a safe range. In the foil owing process, the controller 110 
controls each of the operating units, and operating status of each unit is 
displayed on the monitor 112. 

(Pcra31) First, the control valve 124 is opened so as to let a certain amount 
of water flow from the water supply unit 1 04 to the mixing tank 1 00 through 
the pipeline 134. The injected amount of water is adjusted by the injection 
time. The control vdve 124 is subsequently dosed. 

(Pcra32) Next, after the stirrer 1 18 is started, the control valve 126 is opened 
to let a certain amount of wastewater to flow from the wastewater- collecting 
tank 1 05 to the mixing tank 1 00 through the wastewater supply unit 1 06 and 
the pipeline 136. The injected amount of wastewater is adjusted by injection 
time, end the wastewater contains, for example, hydrofluoric add, nitric add, 
hydrochloric add, sodium hydroxide, or organic solvents. In addition, the 
stirrer 1 18 is used to moke the wastewater mixed thoroughly with water to 
form a mixture, while the stirring time of the stirrer 1 18 can be adjusted 
according to spedfic requirement. Of cause, if the injected amount of 
wastewater end water is lager then the volume of the mixing tank 100, the 
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surplus ocn be dischcrged via the overflow pipeline 101. The control vdve 
126 is subsequently dosed. 

(Pcra 33) T he control valve 1 22 is then opened to let the mixture to flow from 
the mixing tank 100 to the measuring tank 102 through the pipeline 132, 
while the injected amount of the mixture is adjusted by the injection time. Of 
cause, if the amount of the injected mixture is large than the volume of 
measuring tank 1 02, the surplus mixture can be discharged via the overflow 
pipelinel03. The control vdve 122 is subsequently dosed. T he stirrer 1 20 is 
started to stir the mixture thoroughly for a oertdn period of time, end then is 
stopped. 

(Pcra 34) Thereafter, the concentration detector 108 is used to measure 
concentration of the mixture (diluted waste liquid) in the measuring tank 1 02, 
If the waste liquid contains hydrofluoric add, the concentration to be 
measured is of, for example, hydrofluoric ion. For the measurement, the 
controller 110 is used to calculate the degree of dilution of the mixture based 
on the amounts of injected wastewater and water, and the red concentration 
of the wastewater will be displayed on the monitor 1 12 based on calculation of 
the data transmitted from the concentration detector 108. Discharge rate of 
wastewater from the collecting tank 105 is then determined and controlled 
within a safe range, 

(Pcra35) Additionally, as concentration is measured using the concentration 
detector 108, pH value of the mixture in a measuring tank 102 ocn be 
measured by using the pH detector 1 14. Please be noted that, if the pH vdue 
of the mixture shown on the monitor 1 12 is between 5 and 9, the control vdve 
128 will be opened so as to let pH- adjusting reagent to flow from the pH- 
adjusting reagent supply unit 1 16 to the measuring tank 102 via the pipdine 
138. The mixture is thus neutrdized and is discharged from the measuring 
tank 1 02. According to this invention, the process of discharging the mixture 
from the measuring tank 102 indudes opening the control vdve 130 to 
dischcrgethe mixture which has been measured and neutrdized in the mixing 
tank, and then dosing the control vdve 130. The injected amount of the pH- 
adj us ting reagent from the supply unit 116 is controlled by the injection time. 
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Moreover, if pH vdueof the wastewater (eg., hydrofluoric add) is less than 5, 
the pH- adjusting reagent is an dkdine solution (e.g., aqueous sodium 
hydroxide), but if pH value of the wastewater is more then 9, the pH- adjusting 
reagent is on ad die solution. T he control vdve 128 is subsequently dosed. 

(Pcra36) It is worthy to be noted that, when the value of wastewater 
concentration shown on the monitor 1 12 is equd to the upper threshold vdue 
of the concentration detector 108, the actual wastewater concentration may be 
higher then or equd to the vdue shown on the monitor 112. Thus, in order to 
obtain a reliable data, the measurement must be retaken following the obove 
procedure, while the mixture is further diluted through on adjustment of the 
injection time for injection from the wastewater supply unit 106 or the water 
supply unit 104 into the mixing tank 100. The foregoing steps eon be 
repeated until the value of concentration shown on the monitor 1 12 is less 
then the upper threshold value of the concentration detector 108. Based on 
the measured concentration, discharge rate from the wastewater- collecting 
tank 106 is then determined. 

(Pcra37) Therefore, the present invention provides a method, by which, a 
sample of wastewater taken from a collecting tank is first diluted, the 
concentration of the sample is measured, end, based on the measurement, the 
red concentration of the wastewater in the collecting tank is then cdculated. 
The dilution steps ocn be carried out multiple times so as to moke the 
concentration detected by the detector lower then the upper threshold of the 
detector, for subsequent calculation of red concentration of the wastewater in 
the collecting tank. Thus, the method can be used to measure reliably 
wastewater concentration and to determine accurately an appropriate 
discharge rate from the collecting tank to treatment fadlities. 

(Pcra38) The present invention dso provides a method, by which, 
concentration of wastewater of a substantially high concentration ocn be 
accurately measured through multiple dilutions, so that more expensive 
concentration detectors with higher threshold are not required, and hence cost 
of the measurement apparatus ocn be reduced. 
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(Pcra39) Further, the method of the present invention provides a process of 
automatic control, wherein, an operator needs only to enter relevant 
parameters into the controller, end then the controller enables each of the 
measuring units to be operated in cn automatic mode. Thus, the operator can 
monitor the whole measuring process through a monitor. 

(Pcra40) In addition, the aforementioned apparatus and method for 
measuring wastewater concentration is not limited to be used merely in 
manufacturers of semiconductor. The apparatus end method can be used in 
other manufacturers, such as chemical plants or textile plants, for determining 
dischcrge rote of wastewater to treatment facilities. 

(Pcra41) It will be apparent to those skilled in the at that various 
modifications and venations can be made to the structure of the present 
invention without departing from the scope or spirit of the invention. In view 
of the foregoing, it is intended that the present invention covers modifications 
and variations of this invention provided they fdl within the scope of the 
following d aims end their equivalents. 
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